ABSTRACT The present investigation was aimed to assess the extent of variation in grip strength in relation to the sex and type of deformity among the orthopedically challenged persons affected with upper extremity and to compare the grip strength with that of control (normal) persons. For this purpose 213 subjects having the age range 20-60 years were selected at random. Among them 109 subjects were orthopedically challenged and 104 subjects were normal, who were treated as control subjects. Orthopedically challenged subjects were taken from three categories, viz., stroke patient, accidental patient and arthritis patient. Hand grip strength was measured by using Lafayette Hand Grip Dynamometer. Some anthropometric measures of the subjects of both groups were taken. The result showed that the hand grip strength of orthopedically challenged subjects was significantly lesser (p<0.001) than that of the control subjects in both hands. The male subjects had significantly higher hand grip strength than that of the female subjects in both groups. The mean values of different anthropometric measures also showed the same results. The grip strength was found to be significantly correlated with a few anthropometric measures of the subjects. The results of the ANOVA showed that the grip strength of different categories of orthopedically challenged persons had significant variations (p< 0.01) only in case of left hand of female subjects. It can be concluded that the lower value of hand grip strength of the orthopedically challenged persons may be considered during designing control panel, switches and other hand arm operated devices.
INTRODUCTION
Hand grip strength is an easily obtainable measure of physical health and muscle function. Reliable and valid evaluation of hand strength is very important in determining the effectiveness of various surgical or treatment procedure. During grip exertion the most exposed areas are the metacarpal regions (Muralidhar and Bishu 2000) . After acquiring a disability, the amount of physical activity is found to decrease rapidly, which leads to a loss of muscle mass and diminished level of strength (Janssen et al. 1994; Rimmer 2001 ). Many people with disabilities fall into a sedentary lifestyle, which usually leads to additional medical problems, such as heart and lung disease, pressure sores, obesity, osteoporosis, joint pain, and arthritis (Janssen et al. 1994; Rimmer 2001) . With increasing age, muscle strength decreases and may eventually reach a level at which weakness starts to restrict the ability to perform usual activities (Young 1986; Porter et al. 1995) . Mathiowetz et al. (1985a) studied the effect of elbow position on grip strength and found it to be higher with the elbow flexed at 90 0 . The American Society of Hand Therapists (Fess et al. 1981) , suggesting a standardized arm positioning for hand strength tests, concluded that the position of upper extremity might influence measurements and recommended that the patient should be seated with his shoulder adducted and neutrally rotated, elbow flexed at 90 0 and the forearm and wrist in neutral position. The grip strength test measures the muscular strength of our upper extremities. Grip strength is often different for each hand and the preferred hand was usually the strongest. There is a strong correlation between grip strength and overall upper body strength. A number of studies have shown that hand grip strength is both a highly sexually dimorphic and a lateralized anthropometric measurement (Mathiowetz et al. 1985b; Petersen et al. 1989; Kamarul et al. 2006) . Strength of the grip can be used as an index of recovery of arm function. Boissy et al. (1999) suggest that the paretic maximal grip strength, normalized with the maximal grip strength on the non affected side, appears to be a valuable outcome measure of upper extremity function in chronic stroke subjects. Mercierand et al. (2004) noted that strength is related to the function of the paretic upper limb. Any of the dynamometrically measured actions are adequate for characterizing strength of either side after stroke, simplicity of handgrip dynamometry upholds its utilization. Asymmetrical weakness is often found in people who have cerebral palsy or encounter a stroke (Rimmer 2001) . If there is weakness to one side of the body, the professional team (therapists, trainers, caregivers, and/or exercise physiologist) may want to make sure that active assistance is used when working with the affected side during resistance training (Rimmer 2001) . Sunderland et al. (1989) observed that improvement in grip strength scores in a group of 38 acute stroke patients closely paralleled improvements on more complex motor tasks. This finding suggests that grip strength may be a valuable marker for recovery of arm function in acute stroke patients. Zhang et al. (2002) found that symptomatic hand osteoarthritis is a common disease among an elderly population. Further, subjects with symptomatic hand osteoarthritis have weaker grip strength and often have impairment in hand functions that require either precise pincer grip or power grip. Grip strength has a specific role in ergonomics especially for hand tool using. In ergonomics a hand tool must be designed such a way that provide a better fit for the user. Fit it terms of comfort and efficiency of use, is particularly important for tools used for long term projects for occupational activities. It also reduces the risk potential injuries associated with using of hand tool. Strength depends upon different factors like age, sex, arm position, wrist position and muscle mass etc. In general maximum strength reaches peak between the ages of 25-35 years, shows a gradual increase and than accelerated decline with advancing age (Kallman et al. 1990 ). Female grip strength was 61.8% of the male value for the 60-69 years age group and decreased to 46.7% for age 90+ (Chaparro et al. 2000) .
In the present investigation an attempt has been made to find out the degree of variation in grip strength between orthopedically challenged and normal persons as well as to assess the difference in grip strength among different categories of orthopedically challenged subjects.
METHODOLOGY

Site and Subjects:
The study was carried out in National Institute of Orthopedically Handicapped in Kolkata, and in Midnapore Rehabilitation Centre for Children (MRCC) located in Paschim Midnapore District, West Bengal for orthopedically challenged subjects. For the controlled subjects study was conducted in municipal areas of Midnapore town and different villages of Midnapore Sadar subdivision. For this purpose 213 subjects having the age range 20-60 years were selected at random. Among them 109 subjects were orthopedically challenged and 104 subjects were normal, who were treated as control group. Orthopedically challenged subjects had upper extremity disorder and they were divided into three categories, viz., stroke patient, accidental patient, and arthritis patient. Both orthopedically challenged and control subjects were further divided into male and female groups. All the subjects volunteered for the study.
Measurement of Hand Grip Strength:
The static grip strength measurement was performed by having the subjects' maximal grip by using hand grip dynamometer (Lafayette, USA). This hand grip dynamometer features a dual pointer system to retain the minimum effort. The testing range on a dual scale was (0-100) kg / (0-220) lb. Before taking measurements the subjects were requested to stand in a comfortable position. The subject was asked to squeeze the dynamometer as hard as possible without moving the rest of the body. Thus the final grip strength measured for both hand and reading was taken from the dynamometer scale, when the pointer no longer moved. The test was performed when the upper arm was hanging normally beside the body with fore arm forming an angle of 90 0 at elbow. Anthropometric Measurements: These were taken (height, weight, total arm length, upper arm length, lower arm length, palm length, fist girth, and hand grip circumference) in standardized condition and using proper landmarks after Weiner and Lourie (1969) , Ermakova et al. (1985 ) Sodhi (1991 .
RESULTS
A comparison of hand grip strength was made between the subjects of orthopedically challenged and control groups (Table 1) . Results showed that the hand grip strength was significantly higher in male subjects than that of the female subjects in both categories of subjects. There was also a significant difference (p<0.001) in grip strength between the orthopedically challenged and control subjects in both the sexes. There was a remarkable variation in hand grip strength between orthopedically challenged subject and control subjects. The grip strength of control male subjects was 49.86% higher in right hand and 42.17% higher in left hand than that of the male orthopedically challenged subjects; the values were 52.06% and 49.37% higher in right hand and left hand respectively in control female subjects than that of the female orthopedically challenged subjects.
Anthropometric parameters viz. height, weight, arm length, palm length, hand grip circumference and fist girth were compared between the group and within the group (Table  2 ). This result showed that different anthropometric dimensions were significantly higher in male in comparison to the female subjects among the orthopedically challenged and control subjects. In case of male subjects, there was a significant difference in different anthropometric measures, viz., weight, total arm length, fist girth and hand grip circumference between control and orthopedically challenged subjects. On the other hand, anthropometric measures, viz., upper arm length, fist girth and hand grip circumference had significant difference between orthopedically challenged and control female subjects.
Correlation coefficient (r) between hand grip strength and different anthropometric variables of both male and female control and orthopedically challenged subjects has been presented in Table 3 . In male and female orthopedically challenged subjects, the correlation coefficient between hand grip strength and other anthropometric variables, viz., hand grip circumference, palm length, arm length and fist girth represented poor correlation in most of the cases. However, in female orthopedically challenged subjects, the grip strength was significantly correlated with hand grip circumference in both the hands, and with palm length and fist girth in case of left hand. But in case of male orthopedically challenged subjects grip strength had a significant positive correlation with fist girth in the left hand and significant negative correlation with lower arm length in the right hand. It was also been revealed that there was no significant correlation between grip strength and hand grip circumference among control subjects of both sexes. In female subjects the total arm length and palm length of the right hand were significantly correlated with hand grip strength. In case of male subjects a significant correlation was observed between grip strength and lower arm length and fist girth of the right hand. The orthopedically challenged subjects are divided into three categories according to their source of problems, as mentioned earlier. The significance of difference of grip strength among the subjects of those three groups was evaluated by analysis of variance (ANOVA). Incase of male orthopedically challenged subjects there was no significant difference in hand grip strength among three categories of orthopedically challenged male subjects in both hand (Table 4) . On the other hand, in orthopedically challenged female subjects there was a significant difference (p< 0.01) in hand grip strength among three categories of female orthopedically challenged subject in left hand, although no such difference is noted in the right hand.
A post hoc analysis of hand grip strength among different categories of orthopedically Table 5 : Post hoc analysis of grip strength (Kg) of female orthopedically challenged subjects challenged subjects, viz., stroke case, accidental case and arthritis case was made in female subjects (Table 5) . From this analysis it was noted that patients with stroke cases had significantly lower grip strength than that of the patients with arthritis in the right hand. However, in case of left hand, the strength of patients with stroke cases showed significantly higher values than that of the patients with accidental cases. The subjects with arthritis cases had significantly higher strength than that of accidental cases in the left hand (p<0.01).
DISCUSSION
The magnitude of hand grip strength of orthopedically challenged and control subject showed appreciable difference. Previous studies (Rantanen et al. 1998) have demonstrated that muscle strength differs in disabled elderly women. A remarkably lower grip strength (31% to 52%) in orthopedically challenged subjects might be due to the muscle weakness, which was caused by the diseases (arthritis or stroke) or accidents. Häkkinen et al. (2002) suggested that decreased muscle strength of the upper and lower extremities as well as trunk has been repeatedly reported in rheumatoid arthritis patients. The percentage of decrease in strength might depend on the degree of severity of the abnormality. Rice et al. (1998) reported that rheumatoid arthritis caused a 90% decrease in grip strength compared to healthy persons. In addition to that the physically strong persons usually perform more physical work than the orthopedically challenged persons. The relative disuse of muscles in orthopedically challenged persons might cause atrophy of the same. Other workers (O'Reilly et al. 1997; Kelli et al. 2005) also showed that the patients with osteoarthritis had muscle weakness and possessed lower grip strength than that of normal subjects.
Sex is another important factor which showed a large difference in grip strength among the subjects. Leyk et al. (2007) also found considerable differences in hand-grip strength between young male and female adults. Ranganathan et al. (2001) found a 43% grip strength decrease in older women compared to older men, vs. 34% less grip strength in young women when compared to young men. Similar results were also appeared from study of other groups of investigators (Balogum et al. 1991; Richards et al. 1992 and Su et al. 1994) . The male subjects of the present study possessed appreciably greater grip strength (28% to 39%) than that of the female subjects both in cases of orthppedically challenged and control subjects. The sex difference in hand grip strength was likely due to higher levels of androgenic hormones (Page et al. 2005) , greater muscle mass (Kallman et al. 1990 ) and greater height and weight in boys and men (Kamarul et al. 2006; Kuh et al. 2006 ). Further, the activity level might be another factor related to the gender difference in grip strength. Usually men perform with greater work load than that of women in professional work as well as in daily activities.
The male subjects had higher anthropometric measures than that of the female subjects. However, all the body dimensions were not significantly different between the orthopedically challenged subjects and control subjects of both the sexes. Therefore, it appeared from the results that all the physical characteristics of subjects not always influenced the grip strength. The grip strength had a poor correlation with different body dimensions in both orthopedically challenged and control subjects.
The difference of grip strength in different category of orthopedically challenged women might be due to the variation in the degree of abnormality. The reasons behind the weakening the muscle was different in three cases. Lower value (42.91%) in grip strength in right side of the women having stroke may due to the fact that they have been affected unilaterally as a result of stroke (Boissy et al. 1999 ). Mc Aniff et al. (2002 suggested that if a person was impaired only on one side, a unilateral task might be possible, whereas a bilateral task might be difficult or impossible. However, only 17.0% of the population was found to be weak on only one side, which tends to downplay the significance of this limitation. From the post hoc analysis of the present data it has been noted that in stroke case there was a significant difference in hand grip strength when compared to that of the arthritis case and accidental case of female orthopedically challenged subject and in arthritis case there was a significant difference in hand grip strength with accidental case of female orthopedically challenged subjects. Therefore, the hand grip strength may not be differentiating properly in different categories of orthopedically challenged subject. However, lower sample number may be the cause of non-significant difference between hand grip strength and different categories of orthopedically challenged subject both in male and female subjects.
CONCLUSION
The hand grip strength of the orthopedically challenged and normal persons varied as a function of sex. In addition to those different anthropometric measures, especially hand dimensions did not influence the hand grip strength of orthopedically challenged and normal persons. The data of orthopedically challenged persons may be used in designing control panel, switches and other hand arm operated devices for them. It may be designed differentially for different category of orthopedically challenged subjects. The data may be used by the manufacturers who are engaged in making tools and furniture for the orthopedically challenged.
